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within the Columbia River Basalt Group (CRBG) typically comprise one or more columnar-jointed 50 sheet lobes each several metres or several tens-of-metres thick and each up to several kilometres in 51 width (e.g. Reidel and Tolan 1992; Self et al. 1997 ; Thordarson and Self 1998 ). In the Deccan 52
Volcanic Province (DVP), India, younger formations are typically extensive, thick, sheet lobes with 53 highly vesicular, and in some cases rubbly, tops. In contrast, older formations are dominated by 54 compound pāhoehoe flows (in which each lobe rarely exceeds a few metres in thickness, e.g. Throughout we follow Walker (1971) and use the terms flow-unit to refer to a single ´a´ā 82 lava flow (comprising a flow-base breccia, a core and a flow-top breccia); compound to refer to 83 stacked flow-units that may relate to the same eruptive event (i.e., evidence for a time break is 84 lacking) and flow-field to describe a large area covered by numerous outpourings (and multiple 85 units) of lava that relate to the same eruptive event. In practice the latter is hard to distinguish in the 86 geological record. 87 88
Emplacement of ´a´ā and pāhoehoe lava 89 90
Most basaltic lava flows can be classified according to their surface morphology as either ´a´ā or 91 pāhoehoe (Macdonald 1953 Fig. 2b and 3a) . 166
The lower ´a´ā flow unit overlies the weathered, oxidised top of a compound pāhoehoe flow 167 (Fig. 3b) . Its base comprises a well-developed breccia locally forming lenses up to 70 cm thick and 168 2-3 m wide (Fig. 3c) . Clasts in the breccia comprise sub-angular to sub-rounded clinker and their 169 longest dimension is < 8 cm (Fig. 3e) . The vesicularity of the clasts varies from non-or poorly-170 vesicular to moderately-vesicular. Pore space within the breccia reaches 20-30 vol. % and is filled 171 with secondary minerals (Fig. 3e) . The flow-base breccia grades upwards into a dense, ~ 4.5 m 172 thick, poorly vesicular aphanitic lava core. Vesicles in the lava core are spherical to sub-spherical or 173 elongate, reach 2-5 vol. % and are up to 1 cm in diameter. Vesicularity in the lava core does not 174 change significantly upwards. At some outcrops, centimetre to decimetre-sized angular patches with 175 elevated vesicularity become common towards the top of the core; these are interpreted as entrained 176 and partially resorbed vesicular clinker. At the flow top, the core grades upwards into the flow-top 177 breccia at some locations. At other outcrops, the contact is sharp. The flow-top breccia is massive 178 and homogeneous and is locally >12 m thick (Fig. 2b ). Clasts rarely exceed 50 cm in diameter and 179 are typically < 10 cm. They are rounded, angular to sub-angular, and equant to weakly tabular. 180
Most clasts are weakly to moderately vesicular, but both dense, non-vesicular clasts and highly 181 vesicular clasts are also present at most localities. Vesicles in clasts exhibit a range of shapes and 182 size distributions, from sub-millimetre and spherical to ~1 cm irregular-shaped vesicles. The total 183 thicknesses for the flow unit (flow-top breccia, core + flow-base breccia) vary substantially, and in 184 places the core pinches out within breccia zones (Fig. 3c ). 185
The flow-top breccia of the lower ´a´ā flow unit is overlain by the flow-base breccia of the 186 upper ´a´ā flow unit, although the contact is poorly exposed. The core of the upper flow unit is 187 similar to that in the lower ´a´ā flow unit ( Incomplete outcrops of ´a´ā flows also occur south and west of the type locality around 212 Dolasne and near Karandi (Fig. 1,) . Here only the flow-base breccias and lava cores are exposed 213 (Fig. 5b) . The flow-base breccias are up to 2.5 m thick and can occur as discontinuous lenses up to 214 several 10's of metres wide. The cores are >5 m thick. The breccias resemble those seen at the type 215 locality ( Fig. 5a and 5b), except that large slabs of vesicular crust, ~1 × 0.3 m in dimension, are also 216 present (Fig. 5c ). Also present in the breccias are metre-sized accretionary lava balls with chilled, 217 jointed exteriors and breccia cores (Fig. 5d ). 218
Most of the ´a´ā flows in the study area appear to outcrop along the same stratigraphic 219
horizon. The type locality is at an altitude of 870 m, whereas the most southeasterly outcrop 220 (locality 232, Fig. 1 and 1% to 4.5 % for most trace elements. Two geochemical standards were run (BHVO-1 and WS-247 E). All results are given in Table 2.  248  249  Petrography  250   6   251 The ´a´ā lavas are plagioclase, clinopyroxene, and olivine phyric, or glomeroporphyritic. All exhibit 252 an intergranular or intersertal microcrystalline groundmass of plagioclase, clinopyroxene and 253 opaque minerals 50-500 μm in diameter (Fig. 6 ). Sample 08-03 (from locality 219, Fig. 1 ) contains 254 embayed and parallel-growth olivine phenocrysts, < 4 mm in diameter, and sparse clinopyroxene 255 (Fig. 6a) . Sample 08-05 contains sparse plagioclase and clinopyroxene glomerocrysts as well as 256 sparse olivine phenocrysts. Samples 08-12 and 08-14 (from locality 229, Fig. 1 ) contain abundant 257 glomerocrysts of plagioclase and clinopyroxene, up to 5 mm in diameter (Fig. 6b) . Sample 08-14 258 contains conspicuous coarser-grained opaque minerals up to 300 μm in diameter and with skeletal 259 textures (Fig. 6b) . Sample 08-13 (from locality 232, Fig. 1 (sample 08-15) from above the ´a´ā lavas at the type locality is geochemically similar to the ´a´ā 281 lavas (Table 2) . A distinction is seen between those lavas with olivine microphenocrysts (MgO > 7 282 wt%) and those with clinopyroxene and plagioclase microphenocrysts, or just plagioclase 283 microphenocrysts (MgO < 7 wt%). Also reported in Table 2 The recognition of ´a´ā lavas adds to the spectrum of basaltic lava types recognised in the 355 DVP. They exhibit petrographic and geochemical variations which, together with the wide area 356 over which they outcrop, suggest that they are the products of several eruptions potentially from 357 several sources. The presence of flow margins (e.g. Fig. 4) Hawaiian eruption, so that high-intensity opening phases driven by gas-rich magma, and capable of 396 supplying lava at high effusion rates, should be expected. However, in the youngest and most well-397 exposed CFBP, the CRBG, a'ā lavas are not present even close to the vents (Swanson et al. 1975; 398 RJ Brown, unpublished observations around the Roza fissure system). One possibility is that the 399 high effusion rates needed to generate strongly channelized flow and ´a´ā lava were not reached. 400 Detailed mapping and surveying over an area of several thousand square kilometres would be 434 required to accurately assess palaeoslopes and the extent of the lavas. In the absence of slopes to 435 drive high flow velocities, the mass eruption rate (at source), and its control on lava effusion rates, 436 becomes important. The ´a´ā lavas could be the products of particularly high-intensity eruptions that 437 generated high effusion rate channelized lavas. Flow must have occurred at these rates over 438 timescales long enough to allow cooling, groundmass crystallisation and subsequent crust 439 disruption to occur. However, whether these were short-lived eruptions (similar to ´a´ā -forming 440 eruptions on Hawai´i), or opening phases that segued into sustained, low effusion rate eruptions (i. 
